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(54) Cathode ray tube 

(57) A cathode ray tube capable of preventing incor- 
, rect hitting of color electron beams caused by the local 
doming phenomenon and the initial doming phenome- 
non from occurring and thus preventing dispJacement of 
colors, unevenness in colors, and deterioration of lumi- 
nance from occurring is provided. The cathode ray tube 
includes a shadow mask made of a flat plate in which a 
number of apertures 2 are arranged in lines, and slits 5, 
6 are formed in the line direction of the apertures 2. 
These slits 5, 6 have inclined faces 8, 9, 11 and 12 op- 
posed via openings 10,13. Due to this configuration, the 
displacement of apertures due to the local doming phe- 
nomenon or the initial doming phenomenon caused by 
the thermal expansion of the shadow mask can be sup- 
pressed. Thus, displacement of colors, unevenness in 
colors, and deterioration of luminance caused by incor- 
rect hitting of electron beams can be prevented from oc- 
curring. 
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[0006] Furthermore, the thickness of the shadow 
mask is extremely small (for example, about 0.1mm) 
compared to the thickness of the mask frame to which 
the shadow mask is fixed. Therefore, in the initial stage 
5 of operating the coior cathode ray tube, a so-called initial 
doming phenomenon occurs, in which only the shadow 
mask expands thermally. When this initial doming phe- 
nomenon occurs, the lines of the aperture are shifted in 
the horizontal direction, so that electron beams do not 
io hit the shadow mask correctly, thus causing displace- 
ment of colors, unevenness in colors, and deterioration 
of luminance. Such problems caused by the local dorrr 
ing phenomenon or the initial doming phenomenon 
could not be prevented sufficiently even by stretching 
?£ : and holding the shadow mask as described above. 
[0007] it is an object of the present invention to so'vo 
trie conventional problems described above by provid- 
ing a cathode ray tube in which a slit is formed between 

,„ aperture lines, thereby preventing incorrect hilling of 

44^ "A"~shows a track of the electron 20 color electron beams caused by the local doming p'ne- 



Description 

[0001] The present invention relates to a shadow 
mask type cathode ray tube, which is used for a televi- 
sion receiver, a computer display, and the like. 
[0002] FIG. 4 is a cross-sectional view showing one 
example of a conventional color cathode ray tube. The 
color cathode ray tube 41 shown in FIG. 4 includes a 
substantially rectangular-shaped face panel 42 having 
a phosphor screen formed on its inner face, a funnel 43 
connected to the rear side of the face pane! 42, an elec- 
tron gun 44 contained in a neck portion 43a of the funnel 
43, a shadow mask 46 facing the phosphor screen 42a 
inside the face panel 42, and a mask frame 47 for fixing 
the shadow mask 46. Furthermore, in order to deflect 
and scan electron beams, a deflection yoke 45 is pro- 
vided on the outer periphery of the funnel 43. 
[0003] The shadow mask 46 plays a role of selecting 
colors with respect to three electron beams emitted from 
the electron gun 
beams. The shadow mask is a flat plate in which a 
number of apertures, through which electron beams 
pass, are formed by etching. 

[0004] In a color cathode ray tube, duo to the thermal 
expansion caused by the impact of the emitted electron 
beams, the electron beam through aperture is shifted. 
Consequently, a doming phenomenon occurs. That is, 
the electron beams passing through the electron beam 
through apertures fail to hit a predetermined phosphor 
correctly, thus causing unevenness in colors. Therefore, 
a tension force to absorb the thermal expansion due to 
the temperature increase of the shadow mask is applied 
in advance, and then the shadow mask is stretched and 
held to the mask frame. When the shadow mask is 
stretched and held as mentioned above, even if the tem- 
perature of the shadow mask is raised, it is possible to 
reduce the amount of displacement between an aper- 
ture of the shadow mask and phosphor stripes of the 
phosphor screen. 

[0005] However, the conventional color cathode ray 
tube described above suffered from the following prob- 
lem. FIG. 5 is a plan vie// showing a part of an example 
of a conventional shadow mask. In a shadow mask 20, 
a number of apertures 21 are formed in Sines. The ap- 
ertures 21 neighboring in the vertical direction (vertical 
direction of the screen) are connected by a bridge 22. 
With regard to the shadow mask illustrated in FIG. 5, 
due to the thermal expansion of the shadow mask 20 
caused by the impact of the emitted electron beams, for 
example, in an area B, which is a portion between the 
neighboring aperture lines, stress is applied in the direc- 
tion indicated by arrow d. When such stress is applied, 
wrinkles are created in the area B, and the aperture 21 
is shifted in the horizontal direction. When such a so- 
cailed local doming phenomenon occurs, electron 
beams do not hit the shadow mask correctly, thus caus- 
ing displacement cf colors, unevenness in colors, and 
deterioration of luminance. 



p.omenon and the iniiial doming phenomenon from 0 
curring and thus preventing displacement of coiors, un- 
evsnness in colors, and deterioration of luminance from 
occurring. 

25 [0008] To achieve the above object, the cathoda ray 
tube ot the pr esent invention is characterized by includ- 
ing a shadow mask made of a flat plate- in which a 
number of aperture lines are arranged, wherein a slit ex- 
tending in the line direction cf the apertures is formed 
30 between the neighboring aperture- lines. According to 
the cathode ray tube described above, it is possible to 
suppress the displacement of apertures due to the local 
doming phenomenon or the initial doming phenomenon 
caused by the thermal expansion of the shadow mask, 
35 and thus to prevent displacement of colors, unevenness 
in colors, and deterioration of luminance caused by in- 
correct hitting of electron beams from occurring. 
[0009] in the cathode ray tube described above, it is 
preferable that the slit includes a slit having inclined fac- 
40 es opposed to each other via an opening, and the in- 
clined faces are formed at an angle inclined such that 
electron beams entering the shadow mask are blocked. 
[0010] Furthermore, it is preferable that the slit de- 
scribed above includes a siit having inclined faces op- 
45 posed to each other via an opening, and the inclined 
faces are inclined toward the side of a vertical center 
line cf the shadow mask by taking a rear lace o? the 
shadow mask as the starting point. According to the 
cathode ray tube including the shadow mask provided 
so with the siit having inclined faces as described aDovs, 
electron beams are blocked surely in the portion where 
the siit is formed. Therefore, while incorrect hitting of 
electron beams can be prevented, with regard to pass- 
ing of electron beams, this shadow mask is substantially 
55 equivalent io a shadow mask in which a slit is not 
termed. 

[0011] Moreover, it is preferabie that a connected por- 
tion is further provided for Sinking the inclined laces op- 



pcsed to each other at one portion of each inclined face. 
According to the cathode ray tubs described above, 
electron beams are blocked even more surely in the por- 
tion where the slit is formed. 

[0012] Furthermore, a plurality of slits described 
above preferably are formed separately in the line direc- 
tion of the apertures. According to the_ shadow mask 
described above, while the displacement of apertures 
caused by the thermal expansion of the shadow mask 
can be suppressed, a number of bridge for linking upper 
and lower slits is increased, so that the hardness of the 
shadow mask can be secured more easily, and at the 
same time, the surfaces of the shadow mask located on 
the right and left sides of the slits are less likely to be 
entwined. 

[0013] FIG. 1 is a perspective view showing a color- 
selecting electrode of one embodiment of the present 
invention. 

[0014] FIG. 2 is a plan view showing a shadow mask 
of one embodiment of the present invention. 
[0015] FIG. 3 A is a cross-sectional view taken on line 

I- l of FIG. 2. 

[0016] FIG. 3B is a cross-sectional view taken on line 

II- ll of FIG. 2. 

[001 7] FIG. 3C is a cross-sectional view of an embod- 
iment provided with a connected portion in the slit. 
[001 8] FIG. 4 is a cross-sectional view showing an ex- 
ample of a color cathode ray tube. 
[001 9] FIG. 5 is a plan view showing an example of a 
conventional shadow mask. 

[0020] Hereinafter, one embodiment of the present in- 
vention will be described with reference to the drawings. 
Since each construction of the color cathode ray tube 
described with reference to FIG. 4 is the same as that 
in this embodiment, the explanations thereof are not re- 
peated herein. 

[0021] FIG. 1 is a perspective view showing one em- 
bodiment of a color-selecting electrode. A mask frame 
30 is a rectangular frame and is made of a pair of long 
frame supports 31, facing each other, fixed to a pair of 
short frames made of elastic members 32. The shadow 
mask 1 is held between the supports 31 . !n the shadow 
mask 1, apertures 2, through which electron beams 
pass, are formed by etching. As will be explained spe- 
cifically later, a slit 5 is formed between the lines of the 
apertures 2. In this drawing, a tension method is em- 
ployed, and the shadow mask 1 is stretched and held 
between the supports 31 with a tension force applied 
mainly in the direction indicated by arrow Y. 
[0022] FIG. 2 is a plan view showing a part of one em- 
bodiment of a shadow mask according to the present 
invention. In tho shadow mask 1 , a number of apertures 
2 are formed in lines, and the apertures 2 neighboring 
in the vertical direction of the shadow mask 1 (vertical 
direction of the screen) are linked by a bridge 3. A line 
4 shows the vertical center line of the shadow mask 1 . 
[0023] Seen from the phosphor screen 42a (FIG: 4), 
the slit 5 is formed in the right area (hereinafter, this area 



is referred to as "right area") and a slit 6 is formed in the 
left area (hereinafter, this area is referred to as "left ar- 
ea") respectively. The slits 5, 6 are formed between the 
neighboring lines of the apertures 2. For example, the 
5 slit 5 is formed between an aperture line 2a and an ap- 
erture line 2b in the right area, and the slit 6 is fosmed 
between an aperture line 2c and an aperture line 2d in 
the left area. 

[0024] Such slits can be formed by etching just like 
io forming the apertures 2, and they also can be formed 
by laser processing. In the example illustrated in FIG. 2, 
the slits 5. 6 neighboring in the vertical direction are 
linked by a bridge 7. 

[0025] FIG. 3 is a cross-sectional view of the shadow 
« mask shown in FIG. 2 taken in the horizontal direction 
(horizontal direction of the screen). FIG. 3A is a cross- 
sectional view taken on line l-l of FIG. 2, that is, a cross- 
sectional view in the right area, and FIG. 3B Is a cross- 
sectional view taken on line ll-ll of FIG. 2, that is, a cross- 
20 s actional view in the left area. 

[0026] As illustrated in FIG. 3A, the slit 5 in the right 
area has an inclined face 8 and an inclined face 9 op- 
posed to each other via an opening 10. As for the direc- 
tion of inclination of the inclined faces 8, 9, the inclined 
25 faces 8, 9 start to incline from a rear face 1 b of the shad- 
ow mask 1 and incline toward the side of the vertical 
center line 4 as they approach a surface la. As illustrated 
in FIG. 3B, the slit 6 in the left area has an inclined face 
11 and an inclined face 12 opposed to each other via an 
30 opening 13. As for the direction of inclination of the in- 
clined faces 11,12, the inclined faces 11 , 12 start to in- 
cline from the rear face 1b of the shadow mask 1 and 
incline toward the side of the vertical center line 4 as 
they approach the surface 1a. 
35 [0027] Here, for example, in an area A (FIG. 2), which 
is a portion between the neighboring aperture lines, the 
both sides located horizontally are supported by the 
bridge 7. Consequently, as described above, due to the 
thermal expansion of the shadow mask 1 caused by the 
4o impact of the emitted electron beams, stress is applied 
in the direction indicated by arrow c in the area A. 
[0028] In the present embodiment, the slit 5 is formed 
between the lines of the apertures 2, so that such stress 
is effected in the direction of reducing the width of the 
45 slit 5 and is absorbed by the deformation of the slit 5. 
[0029] In other words, according to the present em- 
bodiment; it is possible to suppress the displacement of 
apertures due to the local doming phenomenon or the 
initial doming phenomenon caused by the thermal ex- 
50 pansion of the shadow mask. As a result, displacement 
of colors, unevenness in colors, and deterioration of lu - 
minance caused by incorrect hitting of electron beams 
can be prevented from occurring. 
[0030] Furthermore, as illustrated in FIG. 3A, electron 
55 beams are propagated in the direction indicated by ar- 
row a in the right area. In this case, a light beam 1 4 pass- 
es through the aperture 2, but a light beam 15 is blocked 
by the inclined face 9 of the slit 5. This configuration also 
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applies to the left area. As illustrated in FIG. 3B, electron 
beams are propagated in the direction indicated by ar- 
row b in the left area. A light beam 16 passes through 
the aperture 2, but a light beam 17 is blocked by the 
inclined face 12 of the slit 6. In other words, in the 
present embodiment, although the slits are formed be- 
tween the aperture lines, electron beams are blocked in 
the portion where the slits are formed. Therefore, with 
regard to passing of light beams, this shadow mask is 
substantially equivalent to a shadow mask in which the 
slits are not formed. 

[0031] Furthermore, in FIG. 3A, a thickness t of the 
shadow mask preferably is in the range between 0.05 
and 0.25mm, and a width C of the aperture preferably 
is in the range between 0.7t and 2t, and a width D pref- 
erably is in the range between 1.2C and 2.5C. Also, a 
width E of the slit preferably is in the range between 0.1t 
and 0.8t. 

[0032] Additionally, in the above embodiment, the slit 
was explained by referring to the case in which the slit 
penetrates completely from the surface to the rear face 
of the shadow mask, but there also may be a minute 
connected portion 23 formed in the opening for linking 
the opposed inclined faces as illustrated in F!G. 3C. Also 
in this case, the affect of absorbing stress can be 
achieved, and light is blocked even more surely. In this 
case, in the vertical direction of the screen, the connect- 
ed portion 23 may be formed successively over the en- 
tire slits and also partially or intermittently. It may be de- 
termined appropriately in the range in which both the 
effect of absorbing stress and the shielding effect can 
be achieved at the same time. 

[0033] Moreover, the inclined angle of the slit is not 
limited to the example illustrated in FIG. 3. The inclined 
angle may be determined suitably in the range in which 
stress can be absorbed and electron beams can be 
blocked. For example, with regard to the vicinity of the 
vertical center line 4, the inclined direction of the slit may 
be determined to be opposite to the example illustrated 
in FIG. 3. Namely, as for the direction of inclination of 
the inclined faces, the inclined faces may start to incline 
from the rear face 1 b of the shadow mask 1 and incline 
toward the side away from the vertical center line 4 as 
they approach the surface 1 a. Furthermore, the slit also 
may be formed with the vertical faces opposed to each 
other. 

[0034] Furthermore, it was explained by referring to 
the case in which the slits neighboring in the vertical di- 
rection are linked by a bridge and the slit is formed sep- 
arately in plurality in the line direction of the apertures, 
but each line may be formed as one slit. 
[0035] Moreover, the present embodiment was do- 
scribed under the condition that the shadow mask is 
stretched and held. However, even if the shadow mask 
is not stretched and held, the effect of absorbing stress 
as described above can be obtained. Therefore, the 
present embodiment also is applicable to a shadow 
mask provided with a curved surface formed by press 



molding, which is not stretched and held. 
[0036] Moreover, in the example illustrated in FIG. 1 , 
the slit 5 is formed between the lines of the apertures 2, 
but the slit 5 maybe further provided in the area between 

5 the lines of the apertures 2 on the both sides and the 
right and left edges of the shadow mask. 
[0037] As described above, according to the cathode 
ray tube of the present invention, in the shadow mask 
made of a flat plate in which a number of aperture lines 

10 are arranged, a slit is formed between the neighboring 
aperture lines. As a result, the displacement of aper- 
tures due to the local doming phenomenon or the initial 
doming phenomenon caused by the thermal expansion 
of the shadow mask can be suppressed. Thus, displace- 

is ment of colors, unevenness in colors, and deterioration 
of luminance caused by incorrect hitting of electron 
beams car. be prevented from occurring. 



20 claims 

1. A cathode ray tube comprising a shadow mask 
made of a flat plate in which a number of aperture 
iincs arc arranged, wherein the shadow mask has 

55 an area where a slit extending in the line direction 
of the apertures is formed between the neighboring 
aperture lines. 

2. 7 he cathode ray tube according to claim 1 , wherein 
so the slit includes a slit having inclined faces opposed 

to each other via an opening, and the inclined faces 
arc formed at an angie inclined such that electron 
beams entering the shadow mask are blocked. 

35 3. The cathode ray tubs according to claim 1 , wherein 
the slit includes a slit having inclined faces opposed 
to each other via an opening, and the inclined faces 
are inclined toward the side of a vertical center line 
of the shadow mask by taking a rear face of the 

40 shadow mask as the starting point. 

4. The cathode ray tube according to claim 2 or 3 fur- 
ther comprising a connected portion for linking the 
inclined faces opposed to each other at one portion 

45 of each inclined face. 

5. The cathode ray lube according to any one of claims 
1 to 4, wherein a plurality of the slits are formed sep- 
arately in the line direction of the apertures. 
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